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The island of Margarita (1 1°N, 64°W) is physically and politically a part of

Venezuela, constituting most of the state of Nueva Esparta, which also includes

the two much smaller islands of Coche and Cubagua. The three islands lie on

the continental shelf to the north of the peninsula of Araya, and Margarita is

separated from the mainland by a channel approximately 25 km wide. Mar-

garita is the most extensive and mountainous of the Venezuelan islands and

is the only one to support moist evergreen montane vegetation.

The montane vegetation of Margarita has particular ecological interest be-

cause of its exceptionally low altitude and its apparent reliance on frequent

and regular nocturnal cloud cover for the maintenance of moist conditions—

features that are shared by only two other localities (the Serrama de Macuira,

on the Guajira peninsula, Colombia; and Cerro Santa Ana, on the Paraguani

peninsula, Venezuela) on the Caribbean coast of South America (Sugden, 1982a,

1982b, 1983). Some factors that have been suggested as determinants of the

peculiar physiognomy of montane rain forests at higher altitudes— for instance,

low temperature and low insolation due to diurnal cloud cover (Leigh, 1975;

Grubb, 1977)— are apparently unimportant in the Margarita mountains, while

others such as wind have greater significance, as will be shown in this article.

The montane forests of Margarita are also of phytogeographic interest due

to their insularity and their location between the South American mainland

and the arc of the Lesser Antilles. Johnston (1909) collected about 165 species

of vascular plants in the mountains, eight of which were apparently endemic.

Subsequent collecting has increased the total number of montane species to at

least 220, while the number of endemics (due to further collections from else-

where) has dwindled to four or five dubious ones. It has been shown by Ortega

(1982) and Sugden (1983) (for the pteridophyte and woody floras, respectively)

that most of the montane species are quite widely distributed in the Neotropics;

not surprisingly, the affinities with the mainland are stronger than those with

the Lesser Antilles. I have presented evidence to suggest that the montane

vegetation of Margarita is of recent origin (probably less than 10,000 years

B.P.), and that the flora owes its present character and composition to random

events of long-distance dispersal and establishment (Sugden, 1983).

The first account of the montane vegetation of Margarita was written by

Johnston (1909). He recorded dense evergreen woods above 300 m, which
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The principal criteria for distinguishing vegetation types in the upland zone

included height of canopy, diameter of boles, and presence and levels of abun-

dance of various habits, life-forms, major taxa (deciduous trees, bryophytes,

vascular epiphytes, woody lianas, palms, understory shrubs, herbs), and (in

some cases) individual species. Except for easily quantifiable characters such

as bole diameter, these observations were mainly qualitative but nevertheless

detailed. Quantitative characterizations of leaf anatomy in the major vegetation

types, and of floristics and physiognomy in one of them, are the subjects of

separate articles (Sugden, 1985; Sugden, in preparation).

Soils were sampled at ten sites between 400 and 900 malt. on Cerro Copey.

At each site a pit was dug to a depth of ca. 50 cm in order to assess physical

characteristics; supplementary information was also obtained from road cuts

nearby. Samples for chemical analysis were taken from the top 5 cm and from

the upper mineral layer (10-30 cm), the exact depth depending on the site.

Analyses were carried out by the Centro de Ecologia, IVIC, Caracas (details of

standard procedures available on request).

General Remarks

The ecotone between the predominantly deciduous vegetation of the lower

slopes and the mostly evergreen upland vegetation is generally well defined

(Figure 2) and is particularly obvious during the long dry seasons. More often

than not, it is marked by the appearance of large trees of Clusia rosea with

wide, spreading crowns and also by the appearance of an epiphytic and her-

baceous flora that becomes increasingly diverse with higher altitude. Although

a few deciduous tree species are present above the ecotone, for convenience I

shall use the term “evergreen upland vegetation” to embrace all the physiog-

nomic types found above this level.

The precise level of this ecotone corresponds closely to the level of the cloud

base on each mountain. Thus, evergreen upland vegetation begins at ca. 350

m alt. on the windward slopes and ca. 450 m alt. on the leeward slopes of

Cerros Guayamuri, Matasiete, and Tragaplata, and at ca. 400 m alt. on the

windward side and 500-550 m alt. on the leeward side of Cerro Copey. On
all four mountains thin ribbons (often less than 30 mwide) of “gallery forest”

extend downward along the deeper gullies with permanent groundwater, oc-

casionally to as low as 100 mabove sea level; these are especially well developed

on Cerro Copey.

The evergreen upland vegetation can be divided into four quite distinct

physiognomic types, which can be further subdivided according to physiog-

nomic and/or floristic criteria into a total of ten subtypes:

1. Transition Forest

a. with Clusia rosea

b. without Clusia rosea

2. Cloud Forest

a. tall
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Table 2. vegetation types of Cerro Copey.*

Available Total N Cation
P ^ug/g) (mg/g) exchange

capacity
-(mil liequivalents/lOOg )—

Wet Thicket

6.85 11.96

5.60 1

5.55 1

Analysis by Centro de Ecologia



Table 3. Summary of the physiognomic and floristic characteristics of the vegetation types of Cerro Copey.*
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The irradiance in the understory and on the forest floor is greater than under

Clusia rosea, and the undergrowth is more dense. Although the lower layers

consist mainly of saplings of canopy tree species, there are also a few species

of subcanopy trees, notably Myrciaria sp. and Esenbeckia pilocarpoides. Shrubs

are rare. Herbaceous cover is sporadic; clumps of the sedge Rhynchospora

nervosa occur in shaded gullies, and in places there are dense patches of the

spiny bromeliad Aechmea fendleri.

Epiphytes, as in the other subtype of Transition Forest, are not abundant.

They include the large-leaved Anthurium hookeri, a dwarf form of Aechmea

fendleri, and an additional bromeliad, Guzmania monostachya, which is often

abundant on exposed knolls close to the lower limit of the Transition Forest.

Woody and herbaceous climbers are more frequent than under C. rosea, al-

though the species composition is similar.

2. Cloud Forest. Cloud Forest is distinguished from Transition Forest by a

far greater abundance of vascular epiphytes, bryophytes, and herbaceous ground

cover, by the presence of palms, and by the decreased frequency of deciduous

trees. The range of leaf sizes is narrower than in Transition Forest; all the trees

have either notophylls or microphylls (Sugden, 1985). Cloud Forest occupies

an altitudinal band 250-350 mwide that extends to the summits and ridges

on the leeward side of the mountain (Figure 3).

The soils vary considerably in depth. On gentle slopes at lower altitudes

(600-700 m), the profile may be up to 200 cm deep, while on steeper slopes

near the summit the soil depth is usually no more than 40-50 cm and often

as little as 20-30 cm. The litter and fermentation layers are more or less

continuous but thin (normally less than 2 cm); deeper accumulations of litter

and humus are sometimes found between boulders and among emergent roots.

There is no distinct zonation in the mineral horizons, except for a gradual

change (in the deeper soils) from a dull humic brown to reddish brown with

increasing depth. At higher altitudes the mineral horizons become more clayey,

and there is an increased concentration of roots in the upper 5 cm of soil, with

fine roots often penetrating the litter layer. In the deeper soils, a discontinuous,

hard, nodular layer is often encountered at depths of 70-120 cm. Despite the

considerable structural variation in the Cloud Forest soils, there is relatively

little variation in their chemistry (see Table 2).

There are four subtypes of Cloud Forest:

a. Tall cloud forest. This is undoubtedly the most species-rich of all the ev-

ergreen upland vegetation types, with a comparatively high diversity of all life-

forms. Together with pole cloud forest (see below), it occupies the lower part

of the altitudinal band of Cloud Forest; its lower limit is contiguous with

Transition Forest, and its upper limit rarely exceeds 700 meven on leeward

slopes. The height of the canopy ranges from 1 5 to 22 m, with trees attaining

girths of up to 200 cm. Tall cloud forest is best developed in gullies sheltered

from the wind.

Most of the tree species and individuals are evergreen, although the deciduous

Croton xanthochloros and Tabebuia chrysantha (particularly the former) are

frequent. The most abundant tree species are Licania membranacea, Guapira
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previous Cloud Forest subtypes; boles are generally vertical, but a few lean by
up to 20°.

Floristic differences between lower palm forest and the taller Cloud Forest

subtypes are few. In the former, Croton xanthochloros and Bactris falcata are

absent or nearly so. Guapira cf. fragrans, Myrcia cf. coriacea, Maytenus kar-

stenii, and Ilex guianensis continue to be important components of the canopy.
The understory is generally denser than in the taller Cloud Forests, chiefly

due to the abundance of Psychotria muscosa\ saplings of canopy trees are

common but less abundant. The subcanopy tree Esenbeckia grandiflora is

commoner here than on any other part of the mountains.

Large and small herbs are less well represented, in both diversity and abun-
dance. Aechmea fendleri and Maranta arundinacea, in particular, are uncom-
mon, although Adiantum tetraphyllum occurs frequently. The understory and
substrate are permanently damp, and the exposed boulders, roots, and fallen

boles have a covering of mat- and cushion-forming bryophytes, especially

Leucobryum giganteum C. Mueller and L. antillarum Schimper ex Besch.
The vascular epiphytic flora is similar in diversity and abundance to that of

the tall cloud forest, except that the woody hemiepiphytes are more frequent.

Epiphytic bryophytes, as on the substrate, are better developed than in the
previous subtypes. Woody climbers, by contrast, are rare,

d. Upper palm forest. The last of the Cloud Forest subtypes, which extends to

the summit of Cerro Copey on the leeward side, is distinct from lower palm
forest in its lesser stature (6-9 m) and in the inclination of the trees (see Figure
8). Most boles are strongly (20-90°) inclined downhill, and they are frequently
twisted and gnarled, branching at all levels in the forest profile. As a result of
this habit and the generally boulder-strewn terrain, progress through upper
palm forest is far more difficult than through the other forest types. Neverthe-
less, the principal components of the canopy are very similar to those of the
lower palm forest, the only notable absentees being Licania membranacea and
Esenbeckia grandiflora. Individuals of Euterpe karsteniana have more massive
(up to 1 mtall and 70 cm across at the base) stilt-root systems and often have
up to six shoots of canopy height as well as numerous juvenile shoots among

The understory is quite different from that of the lower palm forest. Shrubs
are almost absent, and the density of young saplings is low. Adiantum tetra-

phyllum is present, although at a relatively low density, while Aechmeafendleri
occurs more frequently than on any other part of the mountain, forming ex-

tensive spiny groves that contribute to the general impenetrability of the forest.

Abundant scandent shoots of Scleria bracteata, with minutely serrated leaves
and sheaths, supply an additional irritant and impediment to progress through
the forest. Small herbs are few, represented chiefly by Ichnanthus sp., Spiranthes
adnata, and Elaphoglossum sp. The boulders, lower boles, and exposed roots

are covered with thick cushions of Leucobryum giganteum and L. antillarum-,

as in the lower palm forest, the understory is perpetually damp except in places
where the canopy is thin and broken.

The epiphytic flora is notable for a much greater abundance of woody hemi-



epiphytes (e.g., Hillia parasitica, Clusia cf. flam ), which often form thick,

tangled masses in the upper canopy. The flora of herbaceous epiphytes is similar

in composition to that at lower altitudes, except for an increased frequency of

the large bromeliad Glomeropitcairnia erectijlora. Woody climbers are entirely

absent.
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3. Wet Thicket. Wet, windswept thickets less than 4 m tall dominate the

windward slopes of Cerro Copey from ca. 800 m to the summit. They are

distinguished from upper palm forest by their lesser stature, the absence of

palms, and the reduced diversity and density of herbaceous epiphytes and
bryophytes. The woody canopy plants are mostly microphyllous, and their

leaves are significantly thicker than those of their counterparts in the Cloud
Forest (Sugden, 1985).

The soils of the thickets are quite shallow— usually less than 40 cm deep.

The litter layer is discontinuous, and the fermentation layer is barely discernible

except where pockets of humus accumulate between boulders and large su-

perficial or raised roots. Normally the top 1 5-20 cm is a coherent, wet, pale

red-brown silty clay containing fragments of rotting leaves. The remainder of

the profile, which gradually gives way to rock fragments and finally to bedrock

at 30-40 cm depth, is more silty, more readily fragmented, and pale brown.

Roots are sparse throughout, in contrast to their distribution in the forest soils,

and wormcasts provide evidence of considerable animal activity. Although
slightly more acidic (pH 4.95-5.70) than the Cloud Forest soils, the Wet Thicket

soils display no chemical properties markedly different from those of the other

upland soils (see Table 2).

There are three subtypes of Wet Thicket:

a. Tall thicket. This vegetation, which has a lower limit contiguous with upper
palm forest on the windward slopes, is characterized by a canopy 3-4 m tall,

an absence of boles more than ca. 10 cm in diameter, and an abundance of

Clusia cf. flam (see Figure 9). Most of the woody species of the Cloud Forest

are present in stunted form, but C. cf. flam is clearly the dominant species,

forming extensive pure stands. Blakea monticola is also very common. Tall

thicket has no discernible understory but is almost impenetrable due to the

tendency of C. cf. flam to retain its dense branches at all levels. A hemiepiphyte,

this species often has no discernible bole, and individuals are frequently much
broader than tall. There are a small number of saplings, no shrubs, and few

herbaceous species apart from Scleria bracteata. Herbaceous vascular epiphytes

occur infrequently compared to the levels observed in the Cloud Forest; one

of the common species in the tall thicket is the endemic orchid Epidendrum
johnstonii. Bryophytes are much less abundant than in the palm forests, in

spite of the permanent wetness of the boles and lower branches; generally, there

is only a thin covering of creeping mosses and slimy algae.

Tall thicket occurs on all the slightly less exposed parts of the upper windward
slopes of Cerro Copey and is also present in a narrow band a few meters wide
along the ridges dividing the windward slopes from the leeward, where it forms

the ecotone between the short thickets (see below) and the upper palm forest.

b. Short woody thicket. This vegetation differs from tall thicket in its lesser

stature (1-2 m), its more even abundance of woody species, and its greater

profusion of large herbs. Clusia cf. flava is still very common, but markedly
stunted forms of Cloud Forest canopy tree species are much more frequent

than in the tall thicket (see Figure 10). The large tank bromeliad Glomero-
pitcairnia erectiflora is a very prominent feature of this vegetation, usually
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1 1 . Grassland at 900 mon Cerro Copey.
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